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RETROGRADE DOPING PROFILE IN TWIN WELL CMOS DEVICE 



[001] This application is a continuation of co-pending 
Application No. 09/488,549, filed on January 20, 2000, the 
entire contents of which are hereby incorporated by reference 
and for which priority is claimed under 3 5 U.S.C. § 12 0; and 
this application claims priority of Application No. 99/1909 
filed in Korea on January 22, 1999 under 35 U.S.C. § 119. 

Field of the Invention 

[002] The present invention relates to a twin well CMOS 
(complimentary metal oxide semiconductor) device, and a 
fabrication method therefor. More particularly, the present 
invention relates to a twin well CMOS device and fabrication 
method therefor which are less susceptible to lateral diffusion 
of a well caused by misalignment in lithography. 

Discussion of Conventional Art 

[003] Fig. 1 is a cross- sectional view of a related art 
semiconductor device . 

[004] The related art semiconductor device, e.g., a CMOS 
inverter circuit, has P well 22b and N well 21 which are formed 
in a P-type semiconductor substrate 11. An insulating oxide 
layer 13 is formed to define the active and isolation regions 
of the device. 

[005] Heavily doped P-type regions 2 7 and 2 8 are formed 
in the N well 21 by using a first gate 37 overlying a gate 
insulating layer 23 as a mask. A heavily doped N-type region of 
N-well contact 3 0 is then formed at a predetermined portion in 
the N well 21. The heavily doped P-type regions 27 and 28 
become the drain and source regions of P-channel FET, 
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respectively. Heavily doped N-type regions 25 and 26 are formed 
in the P well 22b by using a second gate 3 8 overlying the gate 
insulating layer 23 as a mask. A heavily doped P-type region of 
P-well contact 2 9 is then formed at a predetermined portion in 
the P well 22b. The heavily doped N-type regions 25 and 26 
become the source and drain regions of N- channel FET, 
respectively. A heavily doped P-type buried layer 22a surrounds 
the N well 21 completely. 

[006] In the CMOS inverter circuit 39 having the above- 
described structure, the P-well contact region 29 and the 
source region 2 5 of N- channel FET are connected to a ground 
line V SS/ while the source region 28 of P channel FET and the 
N-well contact region 3 0 are connected to a power source V DD . 
The first and second gates 3 7 and 3 8 are connected to an input 
line V IN/ and the drains 2 6 and 2 7 of N channel and P channel 
FETs are connected to an output line V 0 ut- 

[007] In operation, a signal applied to line Vi N at a 
high logic voltage level will cause the N channel FET to turn 
on. At the same time, it turns the P channel FET off, such that 
substantially no current flows between the drain and source 
regions 2 7 and 2 8 of P channel FET. 

[00 8] The output line V 0UT connected to the drain regions 
26 and 27 is therefore pulled to the lower supply voltage V ss 
through the N channel FET. The CMOS inverter circuit 3 9 
therefore effectively inverts an input high logic voltage level 
to an output low logic voltage level. P layer 2^ is heavily 
doped with p type impurities that works as a p+ guard ring 
around an NMOS transistor to separate NMOS and PMOS transistors 
to be fabricated in the corresponding conductive type wells, 
thereby minimizing the possibility of latch-up. 

[009] Figs. 2A to 2D show cross-sectional views of a 
semiconductor device of the related art during its fabrication 
in which six ion- implantations are carried out by controlling 
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the parameters of the ion accelerator in the ion injection 
apparatus . 

[0010] Referring to Fig. 2A, an insulating layer 13 for 
l;? ^device isolation is formed on a p-type semiconductor substrate 

II by local oxidation of silicon (LOCOS) to define active 
regions of a device. A first photoresist 111 is formed on the 
substrate 11, except the region where an N well is formed by 
ion implantation where a photoresist 111 is formed with a 
thickness of 2.0|am. A first ion implantation (101) is carried 
out on the exposed substrate 11 with P ions having implantation 
energy of 1.0 MeV, thereby forming a lower . layer 101 of a 
retrograde N well. Then, a second ion implantation (102) is 
carried out on the exposed substrate 11 with P ions having 
implantation energy of 450 KeV, thereby forming an upper layer 
102 of a retrograde N well. A third ion implantation (103) is 
carried out on the exposed substrate 11 with P ions having an 
implantation energy of 60 KeV, thereby forming a threshold 
voltage controlling layer 103 of a retrograde N well at the top 
portion of the substrate 11. 

[0011] Referring to Fig. 2B, with the same photoresist 

III exposing the N well area only, a fourth ion implantation 
(141) is carried out on the entire substrate 11 with B ions 
having an implantation energy of 2 . 0 MeV which is high enough 
to penetrate through the first photoresist 111 into the 
substrate of P well forming area, thereby forming an upper 
layer 141 of a retrograde P well and a guard ring layer 140 at 
the lowest part of the N well forming area in the substrate 11. 

In this case, the guard ring layer 140 helps to isolate the N 
well from the substrate and the neighboring P well completely 
after diffusion of the B impurities. 

[0012] Referring to Fig. 2C, after the first 

photoresist has been removed from the substrate 11, a second 
photoresist 112 is formed on the substrate 11 except the region 
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where a P well will be formed. A fifth ion implantation (142) 
is carried out on the exposed substrate 11 with B ions having 
an implantation energy of 1.25 MeV, thereby forming a lower 
layer 142 of the retrograde P well at the bottom portion of the 
substrate 11. Finally, a sixth ion implantation (143) is 
carried out on the exposed substrate 11 with P ions having an 
implantation energy of 750 KeV, thereby forming a threshold 
voltage controlling layer 143 of the retrograde P well at the 
top portion of the substrate 11. 

[0013] Referring to Fig. 2D, annealing is carried out 

on the entire substrate including the above ion-implanted 
layers, thereby forming a P well 15 and an N well 16 as well as 
a bottom layer 17 of p type under the N well 16. 

[0014] The related art clustered ion implantation 

experiences some problems since it is performed at an 
acceleration voltage having a magnitude measured in MeV. For 
instance, ion implantations at such a high acceleration voltage 
may cause point defects with high density, which may lead to an 
increase in the junction leakage current. Misalignment in 
lithography causes the punch- through voltage of n+/N-well and 
p+/P-well located at a well edge to be lowered. 

[0015] In addition, when performing ion implantations 

at a high acceleration voltage in MeV, the thickness of 
photoresist may be varied by erosion, causing non-uniformity of 
the photoresist, such that the profile of ion implantation 
deviates from the set target, thereby producing variations in 
implant profiles. 

SUMMARY OF THE INVENTION 
[0016] The present invention is directed to system that 

substantially obviates one or more of the problems experienced 
due to the above and other limitations and disadvantages of the 
related art. 
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[0017] An object of the present invention is to provide 

a semiconductor device and fabrication method therefor which 
reduce the lateral diffusion of wells at a well edge. 

[0018] Another object of the present invention is to 
provide a semiconductor device and fabrication method therefor 
which avoid the effective formation of a parasitic circuit 
around a CMOS, which is known commonly as latch-up. 

[0019] Other and further objects, features and 

advantages of the present invention will be set forth in the 
description that follows, and in part will become apparent from 
the detailed description, or may be learned by practice of the 
invention . 

[0020] To achieve these and other advantages and in 

accordance with the purpose of the present invention, as 
embodied and broadly described, the present invention includes 
fa semiconductor device having a semiconductor substrate having 
( a first conductivity type; a first well having a second 
conductivity type formed in a first region in a major surface 
of the semiconductor substrate by serial ion implantations; and 
a second well having the first conductivity type formed in a 
second region in the major surface of the semiconductor 
substrate by serial ion implantations. 

[0021] To achieve the second object of the present 

invention, a method of fabricating a semiconductor device 
includes: selectively forming an insulating oxide layer in a 
semiconductor substrate having a first conductivity type, 
wherein the semiconductor substrate has first and second 
regions; forming impurity layers having a second conductivity 
type in the first and second regions of the semiconductor 
substrate; forming a first mask layer in the second region of 
the semiconductor substrate; forming impurity layers having the 
second conductivity type in the first region of the 
semiconductor substrate by performing serial ion implantations 
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with different doses of dopants at different acceleration 
energies; forming a second mask layer in the first region of 
the semiconductor substrate; and forming impurity layers having 
the first conductivity type in the second region of the 
semiconductor substrate by performing serial ion implantations 
with different doses of dopants at different acceleration 
energies . 

[0022] It is to be understood that both the foregoing 

general description and the following detailed description are 
exemplary and explanatory and are intended to provide further 
explanation of the invention as claimed. Thus, it should be 
understood that the detailed description and specific examples, 
while indicating preferred embodiments of the invention, are 
given by way of example only. Various changes and modifications 
that are within the spirit and scope of the invention will 
become apparent to those skilled in the art from this detailed 
description. In fact, other objects, features and 
characteristics of the present invention; methods, operation, 
and functions of the related elements of the structure; 
combinations of parts; and economies of manufacture will surely 
become apparent from the following detailed description of the 
preferred embodiments and accompanying drawings, all of which 
form a part of this specification, wherein like reference 
numerals designate corresponding parts in various figures. 
BRIEF DESCRIPTION OF THE ATTACHED DRAWINGS 

[0023] The accompanying drawings, which are included to 

provide a further understanding of the invention and which are 
incorporated in and constitute a part of this specification, 
illustrate embodiments of the invention and together with the 
description serve to explain the principles of the drawings. In 
the drawings : 

[0024] Fig. 1 is a cross-sectional view of the related 

art semiconductor device; 
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[0025] Figs. 2A to 2D show cross-sectional views of a 
process used for fabricating a related art semiconductor 
device ; 

[0026] Fig. 3 is a cross-sectional view of a 
semiconductor device according to the present invention; and 

[0027] Figs. 4A-4E are diagrams illustrating a process 
for fabricating a semiconductor device according to the present 
invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 
[0028] Hereinafter, the present invention will be 
described in detail with reference to the accompanying 
drawings . 

[0029] Fig. 3 is a cross-sectional view of a 
semiconductor device according to the present invention. 

[0030] The present invention semiconductor device has P 

fwell and N well regions 72 and 71 formed in a P-type 
^semiconductor substrate 61, e.g., a CMOS inverter circuit. An 

Vnsulating oxide layer 63 is formed to define the active and 
isolation regions of the device. Heavily doped P-type regions 
77 and 78 are formed in the N well 71 by using a first gate 87 
overlying a gate -insulating layer 73 as a mask. A heavily doped 

V N-type region of N-well contact 80 is then formed at a 
predetermined portion in the N well 71. The heavily doped P- 
type regions 7 8 and 77 become the source and drain regions of 
P-channel FET, respectively. Heavily doped N-type regions 75 
and 76 are formed in the P well 72 by using a second gate 88 
overlying the gate insulating layer 73 as a mask. A heavily 
doped P-type region of P-well contact 79 is then formed at a 
predetermined portion in the P well 72. The heavily doped N- 
type regions 75 and 76 become the source and drain regions of 
N-channel FET, respectively. 
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[0031] In the CMOS inverter circuit 89 having the 

above-described structure, the P-well contact region 79 and the 
source region of N- channel FET are connected to a ground line 
V ss , while the source region 78 of P channel FET and the N-well 
contact region 80 are connected to a power source V DD . The 
first and second gates 87 and 88 are connected to an input line 
Vin, and the drains 76 and 77 of N channel and P channel (Fetes; 
are connected to an output line V OU t- 

[0032] In operation, a signal applied to line V IN at a 

high logic voltage level will simultaneously cause the N 
channel FET to turn on and the P channel FET to turn off. 
Thus, substantially no current flows between the drain and 
source regions 77 and 78 of P channel FET. 

[0033] In this state, the output line Vour connected to 

the drain regions 76 and 77 is pulled to the lower supply 
voltage V ss through the N channel FET. The CMOS inverter 
circuit 89 effectively inverts an input high logic voltage 
level to an output low logic voltage level . 

[0034] Figs. 4A to 4E are diagrams illustrating a 

process for fabricating the present invention semiconductor 
device . 

[0035] Referring to Fig. 4A, the insulating oxide layer 

63 is formed on the P-type semiconductor substrate 61 by LOCOS 
(local oxidation of silicon) to define the active region of the 
device. A blanket implantation (601) of P ions is then 
performed on the entire part of the substrate 61 with a dose of 
dopants 4.0 10 12 /cm 2 at an acceleration voltage of 250 KeV. In 
Fig. 4A, reference number 601 identifies an upper layer of 
retrograde N well as well as a counter-doped layer of 
retrograde P well. 

[0036] The insulating oxide layer 63 may be formed by 

various techniques such as LOCOS, improved LOCOS, or STI 
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(Shallow Trench Isolation) . The thickness of the insulating 
oxide layer 63 is about 3,500 A. 

[0037] Referring to Fig. 4B, a photoresist 211 is 

formed on a portion of the structure, leaving exposed the 
region where N-well will be formed by lithography. Namely, the 
surface of the semiconductor substrate 61 is exposed on a 
portion where the N well will be formed. Subsequently, two 
serial ion implantations (602) and (603) are carried out onto 
the semiconductor substrate 61 using the 2.7 thick 
photoresist 211 as a mask. Thus, in Fig. 4B, reference 
numerals 602 and 603 identify a lower layer and a threshold 
voltage-controlling layer of retrograde N well, respectively. 

[0038] The procedure of two serial ion implantations 

(602) and (603) is described as follows. 

[0039] A first P ion implantation (602) is performed 
with a dose of dopants 2.0 10 13 /cm 2 at an acceleration voltage 
of 700 KeV, forming a lower layer of retrograde N well. 

[0040] A second P ion implantation (603) is performed 

with a dose of dopants 2.0 10 12 /cm 2 at an acceleration voltage 
of 12 0 KeV, forming a threshold voltage layer at the surface of 
retrograde N well . 

[0041] The second ion implantation (603) is performed 

by controlling the parameters of the ion accelerator in an ion 
injection apparatus without moving the semiconductor substrate 
61 in a vacuum chamber to another equipment after the first ion 
implantation . 

[0042] Referring to Fig. 4C, photoresist 211 is 

removed, and a photoresist 213 is formed at a portion except 
the region P-well will be formed by lithography. Namely, the 
surface of the semiconductor substrate 61 is exposed on a 
portion where the P well will be formed. Subsequently, three 
serial ion implantations are carried out onto the semiconductor 
substrate 61 by using the 2.7 fim thick photoresist 213 as a 



- 9 - 



Attorney D^ket No. 2332-0134P 



mask. Thus, in Fig. 4C, reference numerals (642) , (641) and 
(643) identify a first, second and third B ion implantations, 
reS p ec tively, reference numerals 641, 642 and 643 identify an 
upper layer, a lower layer and a threshold voltage controlling 
layer of retrograde P well, respectively. Furthermore, in the P 
well region, the counter-doped layer 601 and the upper layer 
641 of the retrograde P well lie at the same level, showing the 
same Rp (range of projection) . 

[0043] The procedure of three serial ion implantations 

is described as follows. 

[0044] A first B ion implantation (642) is performed 

with a dose of dopants 1.5 10 13 /cm 2 at an acceleration voltage 
of 350 KeV, forming a lower layer of retrograde P well. 

[0045] A second B ion implantation (641) is performed 

with a dose of dopants 6.0 10 12 /cm 2 at an acceleration voltage 
of 150 KeV, forming an upper layer in retrograde P well. 

[0046] The second ion implantation (641) is performed 

by controlling the parameters of the ion accelerator in an ion 
injection apparatus without moving the semiconductor substrate 
61 in a vacuum chamber to another equipment after the first ion 
implantation . 

[0047] A third B ion implantation (643) is performed 

with a dose of dopants 1.0 10 12 /cm 2 at an acceleration voltage 
of 80 KeV, forming a threshold voltage layer at the surface of 
retrograde P well . 

[0048] The third ion implantation (643) is performed by 

controlling the parameters of the ion accelerator in an ion 
injection apparatus without moving the semiconductor substrate 
61 in a vacuum chamber to another equipment after the second 
ion implantation . 

[0049] P ions blanket - implanted into the entire 

substrate are counter doped due to an ion implantation using B 
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ions with the opposite conductivity type into the P well 
region, such that the P well region is doped with B ions alone. 

[0 0 50] Referring to Fig. 4D, dopants implanted into the 

semiconductor substrate 61 are subjected to an annealing at 
1000 DC for 10 sec in an RTA (Rapid Thermal Anneal) apparatus 
to form a twin well with N well and P well regions 71 and 72 
having a junction depth of about 1.5 ^m in a retrograde 
profile . 

[0051] For this structure, a P ion implantation is 

performed with a dose of dopants 2.0 10 13 /cm 2 at an acceleration 
voltage of 700 KeV to form a lower layer of retrograde N well, 
and a second P ion implantation being performed with a dose of 
dopants 2.0 10 12 /cm 2 at an acceleration voltage of 120 KeV to 
form a threshold voltage layer at the surface of retrograde N 
well. A B ion implantation is performed with a dose of dopants 
1.5 10 13 /cm 2 at an acceleration voltage of 350 KeV to form a 
lower layer of retrograde P well. A second B ion implantation 
being performed with a dose of dopants 6.0 10 12 /cm 2 at an 
acceleration voltage of 150 KeV, forming an upper layer in 
retrograde N well, such that P ions implanted into the entire 
substrate with a dose of dopants 4.0 10 12 /cm 2 at an acceleration 
voltage of 250 KeV are annihilated by a counter doping method, 
forming a middle layer of retrograde P well. A third B ion 
implantation is performed with a dose of dopants 1.0 10 12 /cm 2 at 
an acceleration voltage of 8 0 KeV to form a threshold voltage 
layer at the surface of retrograde P well. 

[0052] Referring to Fig. 4E, the gate insulating layer 

73 is formed on the N well and P well regions 71 and 72 by a 
thermal oxidation or CVD (Chemical Vapor Deposition) method. 
Then, polysilicon is deposited on the gate insulating layer 73 
and patterned by a photo-etch method to form the first and 
second gates 87 and 88. Both sides of the first and second 
gates 87 and 88 of N well and P well regions 71 and 72 are 
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doped with a high dose of P-type and N-type ions to form the 
source and drain regions of P channel FET 78 and 77 and those 
of N channel FET 75 and 76 , respectively . At the same time, 
predetermined portions in the P well and N well regions 72 and 
71 are also heavily doped with P-type and N-type impurities, 
forming contact regions of P well and N well 79 and 80, 
respectively . 

[0053] Namely, the contact region of P well 79 is 

formed at a predetermined portion in the P well region 72 
simultaneously when the source and drain regions of P channel 
FET 78 and 77 are formed on both sides of the first gate 87 in 
the N well region 71. Similarly, the contact region of N well 
80 is formed at a predetermined portion in the N well 71 at the 
same time when the source and drain regions of N channel 75 and 
76 are formed in the P well region 72. 

[0054] As described above, the method of fabricating 

the present invention semiconductor device relates to 
selectively forming an insulating oxide layer in a 
semiconductor substrate that has a first conductivity type and 
that includes first and second regions, forming impurity 
regions having a second conductivity type in the first and 
second regions of the semiconductor substrate, forming a first 
mask layer in the second region of the semiconductor substrate, 
forming impurity layers having the second conductivity type in 
the first region by serial ion implantations with different 
doses of dopants at different acceleration voltages, removing 
the first mask layers forming a second mask layer in the first 
region, and forming impurity layers having the first 
conductivity type in the second region by serial ion 
implantations with different doses of dopants at different 
acceleration voltages. 

[0055] Accordingly, the present invention involves an 
ion implantation with P ions in the entire surface of the 
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semiconductor substrate to lower lateral diffusion of wells 
such that punch- through is avoidable between the source/drain 
region of the transistor in wells and outside wells without an 
additional process. Furthermore, the acceleration energy is 
( controlled to be below MeV in forming a twin well in the 
semiconductor substrate, suppressing point defects in the 
semiconductor substrate, which reduces a junction leakage 
current and leads to improvement of performances of the device. 

[0056] It will be apparent to those skilled in the art 

that various modifications and variations can be made in the 
method of fabricating a semiconductor device of the present 
invention without departing from the spirit or scope of the 
invention. Thus, it is intended that the present invention 
cover the modifications and variations of this invention 
provided they come within the scope of the appended claims and 
their equivalents . 
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